free silica, and fibrous particulates with a median diameter of 0-22 ,um and a median length of 2-5 ,um. Airborne fibre counts by phase contrast microscopy showed 0-3 fibres/cc in the mine, and 23-3 fibres/cc in the mill. No significant respiratory abnormalities were found.
non-smokers alone, only the FEV,/FVC ratio declined significantly with dust-years of exposure (p < 0-01). The comparison of lung function in 1982 between a high dust exposed subgroup of wollastonite workers and the control population showed a significantly lower FEV1/FVC ratio and peak flow rate in the study group (p < 0-05). Analysis of 1976-82 changes in pulmonary function showed that wollastonite workers with higher dust exposure had a significantly greater decline in peak flow over the period than workers with lower exposures (p < 0.01). These data suggest that long term cumulative exposure to wollastonite may impair ventilatory capacity as reflected by changes in the FEV1/FVC ratio and peak flow rate.
The adverse health effects that arise from exposure to asbestos has stimulated much research into the development of substitute materials.' One such substitute is the fibrous monocalcium silicate wollastonite. Wollastonite is used industrially as a filler and flux in wall tile and glass (ceramics), and in grinding wheels, refractory products, building blocks, acoustical tiles, wallboard, and paints. Reserves 
Results
CROSS SECTIONAL STUDY (1982) The study and comparison populations were composed entirely of white men. Participation rates were 89% among current workers, 25% among former workers, and 93 % among comparison group workers (table 2). The mean age and tenure of par- Chest radiography showed simple pneumoconiosis in 3% (3/108) of participating wollastonite workers. All three individuals had participated in the 1976 NIOSH survey, and had been considered then to have category 1 pneumoconiosis. Radiographic progression beyond category 1 was not observed in their 1982 chest x ray films. The workers with pneumoconiosis showed rounded opacities, had nine to 23 years of tenure, and a cumulative total dust exposure of 66 to 169 dust-years. By contrast, the entire study population averaged 10 years of tenure and 45 dust-years of exposure. Pleural abnormalities were not observed in the study group.
The prevalence of respiratory symptoms in the wollastonite workers was examined by smoking habit and total dust-years of exposure. Current smokers were found to have significantly higher prevalence rates of chronic cough, chronic phlegm, and chronic bronchitis than non-smokers (p < 0-01, table 3). To evaluate the effect of wollastonite exposure, workers were divided into groups according to their cumulative dust-years of exposure. After stratification by smoking habit, no significant differences were observed between the various exposure categories. A comparison of the prevalence of symptoms between the wollastonite and control plant workers also failed to show any significant differences when adjusted for smoking habit.
The analysis of pulmonary function in the wollastonite workers used multiple regression techniques, and the results are summarised in table 4. After allowing for the effects of age, height, and smoking FEV,, FEV1/FVC ratio, and peak flow rate declined with increasing total dust-years of exposure and the dust-yeare coefficients for these lung function tests were significantly different from zero (p < 0.01). To avoid a potential interaction between smoking and exposure index, the results are also reported for non-smokers alone. For this group only the FEV,/ FVC ratio showed a significant decline with total dust-years of exposure (p < 0-01).
As lung function decrements may result from long term dust exposure, the lung function data were also examined for the comparison population and wollastonite workers with more than 30 dust-years of exposure (table 5) . Both groups were similar in age, 476 Hanke, Sepulveda, Watson, and Jankovic The mean annual decrement in FEVI for workers participating in both surveys was 49 ml for never smokers, and 75 ml for current smokers. For FVC, the mean annual decrements were 47 ml for never smokers, and 73 ml for current smokers. Linear modelling on age, height, smoking habit, and total dust-years was also performed for the 1976-82 changes in spirometry (table 6) . This analysis showed a significant relation between the decline in peak flow rate and total dust-years of exposure (p < 0.02).
Discussion
Respiratory morbidity from the inhalation of fibrous mineral dusts has been the subject of several recent [6] [7] [8] reviews. Exposure to asbestos minerals has been associated with pleural disease, diffuse interstitial pulmonary fibrosis, and malignancies of the respiratory tract.9 Knowledge of the pulmonary disease which might result from exposure to acicular non-asbestos minerals is scanty and limited to a few isolated reports of radiographic findings in select populations often with mixed exposures. Pleural and parenchymal lung fibrosis have been described in a Turkish population with exposure to fibrous zeolite minerals from soil and building materials.'0 Of 312 persons examined in one village, 17% were found to have calcified pleural plaques, 10-5% pleural thickening, and 12% pulmonary fibrosis. Chest x ray films in 95 inhabitants of a second village without zeolites in the environment had no pulmonary abnormalities. Malignant pleural mesotheliomas have also been described in zeolite exposed Turkish communities'°I and benign pleural effusions have been noted in a group of Respiratory morbidity in wollastonite workers 477 478 workers exposed to vermiculite contaminated with amphibole asbestos fibres.'2 Baris and co-workers obtained chest x ray films from 63 workers employed as trimmers of the clay mineral sepiolite,'3 ten of whom were observed to have pneumoconiosis and to reside in homes that had been finished with a tremolite (asbestos) containing stucco. Attapulgite, another fibrous clay mineral, has been implicated in lung fibrosis in a single case report. '4 This study presents data on respiratory morbidity in a small population of wollastonite miners and mill workers. In the 1982 survey a significant smoking effect was observed in both the wollastonite and the comparison populations for chronic cough, chronic phlegm, and chronic bronchitis (p < 0-01, table 3). No influence of wollastonite dust exposure on the prevalence rates of these symptoms was found in the exposed population. Similar findings have been reported in Finnish wollastonite workers.'5 Both studies, however, contained small numbers of exposed workers and substantial proportions of cigarette smokers.
The prevalence rate of pneumoconiosis among wollastonite workers was 3% (3/108). The small opacities in each case were rounded, and pleural abnormalities were not detected. By contrast, chest radiographs of 46 Finnish wollastonite workers are described as exhibiting pneumoconiosis with small irregular opacities in 30%, and bilateral pleural thickening in 28%. These findings may reflect differences in the nature of exposure and the time since initial exposure between the two wollastonite populations. Dust exposure in the current population has been described in terms of dose (total dust), elemental composition, crystalline silica content (< 2%), and lack of contamination by asbestos fibres2 3; these data have not been reported for the Finnish cohort. It is clear, moreover, that the Finnish group had a longer time since first exposure, all workers having had 10 or more years of tenure, and perhaps also a larger dose, than the current population whose mean tenure was under 10 years. Use of magnified chest films in the Finnish study and differences in the mechanism for handling disparate interpretations may also contribute to these divergent observations. Complete occupational histories in both studies suggest that previous exposure to noxious dusts is an unlikely explanation for the observed differences in radiographic findings.
The analysis of pulmonary function was based on linear modelling techniques using a total dust-years index of exposure, and a comparison of mean spirometric values between a high dust exposed subgroup and the control population. The lung function data indicate an obstructive ventilatory effect from wollastonite dust exposure. The observed decrement in peak flow rate suggests that at a minimum large airways are affected. Although forced expiratory flows at low lung volumes were examined and found not to be significantly affected, the greater variability of these measurements is well known.23 Coupled with the relative insensitivity of spirometry to small airway dysfunction24 and the small size of our population, these data are insufficient to discard an effect on Respiratory morbidity in wollastonite workers small airways.
Wollastonite's potential as an industrial exposure is restricted by the paucity of commercially exploitable deposits. Exposure will probably be limited to miners, millers, and workers in the few industries using the milled product. The current study suggests, however, that wollastonite dust may not be an entirely innocuous exposure.
